a9y United States

US 20190111574A1

a2y Patent Application Publication (o) Pub. No.: US 2019/0111574 A1

Gold et al. 43) Pub. Date: Apr. 18, 2019
(54) APPARATUS, SYSTEM, AND METHOD FOR (52) US. CL
RELOCATING DATA-CENTER MODULES CPC .......... B25J 15/04 (2013.01); B25J 15/0408
(2013.01); B25J 15/0491 (2013.01)
(71) Applicant: Facebook, Inc., Menlo Park, CA (US) (57) ABSTRACT

(72) Inventors: Andrew Gold,

Los Altos, CA (US);

Scott C. Wiley, Los Altos, CA (US)

(21) Appl. No.: 15/784,118

(22) TFiled:  Oct. 14, 2017

Publication Classification

(51) Int. CL
B25J 15/04 (2006.01)
Data Center 602(3)
800
\q 602(2)
B02(1) ~,

806(1) ==t

/

VA
@\\r\

Q‘

AN

LTI

A data-center-module relocation device may include a plu-
rality of interchangeable end effectors, including at least one
module relocation effector that is dimensioned to hold
data-center modules. The device may also include a robotic
arm with a distal end adapted to switch between the plurality
of interchangeable end effectors and select the module
relocation effector as an active end effector for the robotic
arm. In addition, the device may include an actuator that
moves the robotic arm to cause the robotic arm to relocate,
from one location in a data center to another location in the
data center, a data-center module held by the module relo-
cation effector. Various other apparatuses, systems, and
methods are also disclosed.

sl T3 g

g

806(2} 802



Patent Application Publication  Apr. 18,2019 Sheet 1 of 9 US 2019/0111574 A1

FIG. 1A




Patent Application Publication  Apr. 18,2019 Sheet 2 of 9 US 2019/0111574 A1

— 110

114 -

FIG. 2A

— 220

— 120

122

FIG. 2B



Patent Application Publication  Apr. 18,2019 Sheet 3 of 9 US 2019/0111574 A1
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Dimension at least one module relocation effector in a plurality of
interchangeable end effectors to hold data-center modules

210

Adapt a distal end of a robotic arm 1o switch between the plurality of
interchangeable end effectors and select the module relocation
effecior ag an active end effector for the robotic arm
220

Configure an actuator to move the robotic arm to cause the robotic
arm o relocate, from one localion in a data center to another
location in the data center, a data-center module held by the module
relocation efiector

230
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APPARATUS, SYSTEM, AND METHOD FOR
RELOCATING DATA-CENTER MODULES

BACKGROUND

[0001] Large organizations increasingly depend on com-
plex information technology systems. The growth of cloud
computing has also contributed to a need for improvements
in the storage of such technology, often in data centers that
provide networked storage and processing capabilities. Data
centers may host an abundance of hardware that perform
various computing functions for organizations. For example,
data centers may contain servers to process data and routers
to transmit the data. These and other hardware may further
require power supplies and networking infrastructure.
[0002] To maintain the abundance of computing hardware,
some data centers may use automated systems to run more
efficiently and effectively. For example, a “lights-out” data
center may reduce the amount of power needed to sustain the
data center, and fewer personnel may be required to manage
the data center. Automated systems may perform some
functions previously performed by personnel, but traditional
automation systems may not be well-suited for use in
moving data center equipment due to the complex connec-
tions and differing sizes of such equipment. Therefore,
automated data center systems may need the ability to
manage and relocate various types of equipment.

SUMMARY

[0003] As will be described in greater detail below, the
instant disclosure describes various apparatuses, systems,
and methods for relocating data-center modules by auto-
matically switching between tools for different modules. In
one example, a data-center-module relocation device may
include a plurality of interchangeable end effectors, includ-
ing one or more module relocation effectors that are dimen-
sioned to hold data-center modules. The device may also
include a robotic arm with a distal end adapted to switch
between the plurality of interchangeable end effectors and
select a module relocation effector as an active end effector
for the robotic arm. Additionally, the device may include an
actuator that moves the robotic arm to cause the robotic arm
to relocate, from one location in a data center to another
location in the data center, a data-center module held by the
module relocation effector.

[0004] Insome embodiments, the module relocation effec-
tor may include a module receptacle. Additionally or alter-
natively, the module relocation effector may include a mod-
ule mounting tool. In these embodiments, the module
mounting tool may be coupled to the module receptacle such
that the module mounting tool facilitates transfer of the
data-center module from the location in the data center to the
module receptacle. The module mounting tool may also be
coupled to the module receptacle such that the module
mounting tool facilitates transfer of the data-center module
from the module receptacle to the other location in the data
center. Furthermore, the module mounting tool may be
customized for a dimension of the data-center module, a
cable connection of the data-center module, an attachment of
the data-center module, and/or a mounting mechanism of the
data-center module.

[0005] Insome examples, the distal end of the robotic arm
may include a selection module that receives information
about a type of the data-center module, a rotatable unit that
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rotates to select the module relocation effector from the
plurality of interchangeable end effectors as the active end
effector, and/or a connection that mates with the module
relocation effector stored in an effector holder. In these
examples, the rotatable unit may select the module reloca-
tion effector as the active end effector for the robotic arm
based on the received information about the type of the
data-center module. Additionally, in these examples, the
actuator may be configured to move the robotic arm to
facilitate mating with the module relocation effector stored
in the effector holder.

[0006] In one embodiment, the robotic arm may be con-
figured to utilize the module relocation effector to remove
the data-center module from the location. Additionally or
alternatively, the robotic arm may be configured to utilize
the module relocation effector to install the data-center
module to the other location.

[0007] According to various embodiments, a correspond-
ing data-center-module relocation system may include one
or more data-center-module housing mechanisms and one or
more data-center modules stored in the data-center-module
housing mechanisms. The system may also include a robotic
relocation apparatus that includes a plurality of interchange-
able end effectors with one or more module relocation
effectors that are dimensioned to hold data-center modules,
arobotic arm with a distal end adapted to switch between the
plurality of interchangeable end effectors and select a mod-
ule relocation effector as an active end effector for the
robotic arm, and an actuator that moves the robotic arm to
cause the robotic arm to relocate the data-center module
from one location in a data center to another location in the
data center.

[0008] In one example, a data-center-module housing
mechanism may store the data-center modules in a plurality
of slots such that a face of the data-center-module housing
mechanism exposes the data-center module to the robotic
relocation apparatus. In this example, the robotic relocation
apparatus may be coupled to a gantry robot that is configured
to move the data-center module parallel to the face of the
data-center-module housing mechanism and/or a mobile
assembly that facilitates moving the gantry robot from the
data-center-module housing mechanism to an additional
data-center-module housing mechanism. Furthermore, in
this example, the robotic arm may be configured to utilize
the module relocation effector to remove the data-center
module from a slot in the data-center-module housing
mechanism. Additionally or alternatively, the robotic arm
may be configured to utilize the module relocation effector
to install the data-center module to another slot in the
data-center-module housing mechanism or to install the
data-center module to the additional data-center-module
housing mechanism.

[0009] In one embodiment, the plurality of interchange-
able end effectors may be stored in a rotatable unit coupled
to the distal end of the robotic arm. Additionally or alter-
natively, the plurality of interchangeable end effectors may
be stored in an effector holder stored in a secondary data-
center-module housing mechanism.

[0010] In some examples, the module relocation effector
may be customized for a dimension of the data-center
module and/or a dimension of the data-center-module hous-
ing mechanism. Additionally or alternatively, the module
relocation effector may be customized for a mounting
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mechanism that secures the data-center module to the data-
center-module housing mechanism.

[0011] In some embodiments, the above system may fur-
ther include one or more additional robotic relocation appa-
ratuses configured to facilitate swapping the data-center
module with an additional data-center module. In these
embodiments, an additional robotic relocation apparatus
may include an additional robotic arm adapted to select an
additional module relocation effector that is dimensioned to
hold the additional data-center module concurrent with the
module relocation effector holding the data-center module.
[0012] In addition to the various systems and apparatuses
described herein, the instant disclosure presents exemplary
methods for relocating data-center modules. For example, a
corresponding method may include dimensioning one or
more module relocation effectors in a plurality of inter-
changeable end effectors to hold data-center modules. The
method may also include adapting a distal end of a robotic
arm to switch between the plurality of interchangeable end
effectors and select a module relocation effector as an active
end effector for the robotic arm. Additionally, the method
may include configuring an actuator to move the robotic arm
to cause the robotic arm to relocate, from one location in a
data center to another location in the data center, a data-
center module held by the module relocation effector.
[0013] Inone embodiment, dimensioning the module relo-
cation effector to hold the data-center module may include
customizing the module relocation effector for a dimension
of the data-center module. Additionally or alternatively,
dimensioning the module relocation effector to hold the
data-center module may include customizing the module
relocation effector for a cable connection of the data-center
module, an attachment of the data-center module, and/or a
mounting mechanism of the data-center module.

[0014] In some examples, adapting the distal end of the
robotic arm may include coupling a selection module that
receives information about a type of the data-center module
to the distal end of the robotic arm, coupling a rotatable unit
that rotates to select the module relocation effector from the
plurality of interchangeable end effectors as the active end
effector, and/or coupling a connection that mates with the
module relocation effector stored in an effector holder to the
distal end of the robotic arm. In these examples, configuring
the actuator may include facilitating mating the robotic arm
with the module relocation effector stored in the effector
holder.

[0015] In some embodiments, the above method may
further include configuring the robotic arm to utilize the
module relocation effector to remove the data-center module
from the location. Additionally or alternatively, the above
method may include configuring the robotic arm to utilize
the module relocation effector to install the data-center
module to the other location.

[0016] Features from any of the above-mentioned embodi-
ments may be used in combination with one another in
accordance with the general principles described herein.
These and other embodiments, features, and advantages will
be more fully understood upon reading the following
detailed description in conjunction with the accompanying
drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings illustrate a number of
exemplary embodiments and are a part of the specification.
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Together with the following description, these drawings
demonstrate and explain various principles of the instant
disclosure.

[0018] FIG. 1A and FIG. 1B are perspective views of two
module relocation effectors of different dimensions.

[0019] FIG. 2A and FIG. 2B are perspective views of the
module relocation effectors holding data-center modules of
different dimensions.

[0020] FIG. 3 is a perspective view of a robotic arm with
a rotatable unit containing a plurality of interchangeable end
effectors.

[0021] FIG. 4 is a perspective view of an alternative
robotic arm with an alternative rotatable unit containing the
plurality of interchangeable end effectors.

[0022] FIG. 5A s a perspective view of a robotic arm with
an effector connection and end effectors stored in an effector
holder. FIG. 5B is a perspective view of the robotic arm with
the effector connection mating with a module relocation
effector.

[0023] FIG. 6 is a side view of a robotic arm with a
rotatable unit installing and/or removing a data-center mod-
ule stored in a data-center-module housing mechanism.
[0024] FIG. 7 is a side view of an alternative robotic arm
with a rotatable unit installing and/or removing a data-center
module stored in a data-center-module housing mechanism.
[0025] FIG. 8 is a perspective view of a gantry robot and
an actuator that moves a robotic arm to relocate a data-center
module.

[0026] FIG. 9 is a flow diagram of an exemplary method
for relocating data-center modules.

[0027] Throughout the drawings, identical reference char-
acters and descriptions indicate similar, but not necessarily
identical, elements. While the exemplary embodiments
described herein are susceptible to various modifications and
alternative forms, specific embodiments have been shown
by way of example in the drawings and will be described in
detail herein. However, the exemplary embodiments
described herein are not intended to be limited to the
particular forms disclosed. Rather, the instant disclosure
covers all modifications, equivalents, and alternatives falling
within the scope of the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0028] The present disclosure describes and illustrates
various apparatuses, systems, and methods for relocating
data-center modules. As will be explained in greater detail
below, embodiments of the instant disclosure may improve
data-module relocation systems by switching between dif-
ferent end effectors to select the appropriate module relo-
cation effector for a specific type of module. A robotic arm
may automatically couple with the appropriate module relo-
cation effector to install, store, and/or remove a particular
data-center module. For example, the robotic arm may
include a rotating unit that cycles through a variety of
module relocation effectors to activate the correct end effec-
tor for the data-center module. The disclosed embodiments
may also include various other tools to manage cables or
mounting mechanisms for the data-center module. Addition-
ally, such a system may be implemented as part of and/or
referred to herein as a gantry robot or a mobile assembly to
relocate data-center modules between multiple data-center-
module housing mechanisms. Thus, the disclosed embodi-
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ments may automatically select tools on-the-fly to relocate
various types of equipment in data centers.

[0029] The following will provide, with reference to
FIGS. 1-7, examples of data-center-module relocation
devices. In addition, the discussion associated with FIG. 8
will provide examples of data-center-module relocation sys-
tems that include the data-center-module relocation devices
illustrated in FIGS. 1-7. Finally, the discussion correspond-
ing to FIG. 9 will provide examples of methods for manu-
facturing, assembling, configuring, and/or using the data-
center module relocation mechanisms presented herein.
[0030] FIG.1A and FIG. 1B illustrate perspective views of
a module relocation effector 110 and a module relocation
effector 120, respectively. The term “effector,” as used
herein, generally refers to a tool or machine that facilitates
the performance of a specific action. Notably, a module
relocation effector may facilitate relocating a data-center
module. As used herein, the term “data center” generally
refers to a facility that houses and/or stores electronic and
computing equipment for ongoing computing processes.
The term “data-center module,” as used herein, generally
refers to a specific component or piece of equipment used in
a data center. Examples of data-center modules may include,
without limitation, servers, storage devices, client comput-
ing devices, network switches, routers, power supplies,
entire rack drawers, discrete electronics (e.g., capacitors,
inductors, resistors, microprocessors, hardware accelerators,
etc.) individual components or sets of components within
rack drawers, and/or any other electronic or computing
equipment or components.

[0031] In some examples, module relocation effector 110
may include a module receptacle 114 and/or a module
mounting tool 112. Similarly, module relocation effector 120
may include a module receptacle 124 and/or a module
mounting tool 122. In these examples, module mounting
tool 112 and module mounting tool 122 may represent
various mechanisms to facilitate mounting and/or dismount-
ing of different data-center modules from a housing mecha-
nism.

[0032] In one embodiment, module relocation effectors
110 and 120 may be customized for a dimension of a
data-center module and/or a dimension of a data-center-
module housing mechanism. Additionally or alternatively,
module relocation effectors 110 and 120 may be customized
for a mounting mechanism that secures the data-center
module to the data-center-module housing mechanism. The
term “data-center-module housing mechanism,” as used
herein, generally refers to a framework or storage unit for
data-center modules. For example, a data-center-module
housing mechanism may include a data center rack that
houses multiple modules of various sizes and specifications.
Module relocation effectors 110 and 120 may then be
customized for modules of specific sizes or specifications.
[0033] As illustrated in FIGS. 1A and 1B, module reloca-
tion effectors 110 and 120 may include additional compo-
nents for facilitating module relocation. For example, mod-
ule relocation effector 110 may include an -effector
connection 116 that enables module relocation effector 110
to be selected and/or activated by a robotic arm. Similarly,
module relocation effector 120 may include an effector
connection 126 that enables module relocation effector 120
to be selected and/or activated by the robotic arm.

[0034] FIG.2A and FIG. 2B illustrate perspective views of
module relocation effectors 110 and 120 holding data-center
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modules of different dimensions. In one example, module
relocation effector 110 may be dimensioned to hold a
data-center module 210, and module relocation effector 120
may be dimensioned to hold a data-center module 220. In
this example, module mounting tool 112 and module mount-
ing tool 122 may represent similar tools to facilitate mount-
ing and/or dismounting of data-center module 210 and
data-center module 220, respectively. Furthermore, as
shown in FIGS. 2A and 2B, data-center module 220 may be
taller than data-center module 210, and module relocation
effector 120 may be dimensioned to hold taller data-center
modules than module relocation effector 110.

[0035] In some embodiments, module mounting tool 112
may be coupled to module receptacle 114 such that module
mounting tool 112 facilitates transfer of data-center module
210 from a location in the data center to module receptacle
114 and from module receptacle 114 to another location in
the data center. Additionally, module mounting tool 112 may
be customized for a dimension of data-center module 210, a
cable connection of data-center module 210, an attachment
of data-center module 210, and/or a mounting mechanism of
data-center module 210. Similarly, module mounting tool
122 may be coupled to module receptacle 124 such that
module mounting tool 122 facilitates transfer of data-center
module 220 from the location in the data center to module
receptacle 124 and from module receptacle 124 to the other
location in the data center. In these embodiments, module
mounting tool 122 may be customized for a dimension of
data-center module 220, a cable connection of data-center
module 220, an attachment of data-center module 220,
and/or a mounting mechanism of data-center module 220.
For example, module mounting tool 112 may facilitate
removing data-center module 210 from a data-center-mod-
ule housing mechanism by disengaging the mounting
mechanism. As another example, an alternative module
mounting tool may facilitate mounting data-center module
210 to the data-center-module housing mechanism by plug-
ging power and network cables into data-center module 210.
[0036] FIG. 3 is a perspective view of a robotic relocation
apparatus 300. In one embodiment, robotic relocation appa-
ratus 300 may include a robotic arm 302 coupled to a
rotatable unit 304 containing a plurality of interchangeable
end effectors that may include one or more module reloca-
tion effectors that are dimensioned to hold data-center
modules. In the example of FIG. 3, the plurality of inter-
changeable end effectors may include module relocation
effector 110, module relocation effector 120, an end effector
306, and an end effector 308. In this example, end effector
306 and end effector 308 may represent different screwdriv-
ers dimensioned to facilitate mounting and/or dismounting
data-center modules.

[0037] In some examples, robotic arm 302 may include a
distal end adapted to switch between the plurality of inter-
changeable end effectors and select the appropriate module
relocation effector as an active end effector for robotic arm
302. In these examples, the plurality of interchangeable end
effectors may be coupled to the face of rotatable unit 304,
which may be coupled to the distal end of robotic arm 302.
For example, to relocate data-center module 210 of FIG. 2A,
the distal end may include rotatable unit 304 that rotates to
select module relocation effector 110 from the plurality of
interchangeable end effectors.

[0038] Insomeembodiments, the distal end of robotic arm
302 may further include a selection module that receives
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information about a type of data-center module 210. For
example, the selection module may include a sensor that
detects the type of data-center module 210. In another
example, the selection module may include a software
component that maintains a record of data-center modules,
types of data-center modules, and the locations of the
data-center modules to determine the type of a data-center
module at a specific location. In the above embodiments,
rotatable unit 304 may then select module relocation effector
110 as the active end effector for robotic arm 302 based on
the received information about the type of data-center mod-
ule 210.

[0039] FIG. 4 is a perspective view of an alternative
configuration for a robotic relocation apparatus 400. In one
example, robotic relocation apparatus 400 may include a
robotic arm 402 coupled to a rotatable unit 404 containing
a plurality of interchangeable end effectors, including mod-
ule relocation effector 110, module relocation effector 120,
end effector 306, and end effector 308. In this example, the
plurality of interchangeable end effectors may be coupled to
the edge of rotatable unit 404, in contrast to the face of
rotatable unit 304 in FIG. 3, and robotic arm 402 may
provide a frame around rotatable unit 404.

[0040] FIG. 5A is a perspective view of an alternative
robotic arm 502 and a plurality of end effectors stored in an
effector holder 504. F1G. 5B is a perspective view of robotic
arm 502 subsequently mating with module relocation effec-
tor 110.

[0041] In the example of FIGS. 5A and 5B, the distal end
of robotic arm 502 may include a connection that mates with
module relocation effector 110 stored in effector holder 504.
In this example, the connection of robotic arm 502 may mate
with effector connection 116 of module relocation effector
110. Additionally, the plurality of interchangeable end effec-
tors may be stored in effector holder 504, which may be
stored in a secondary data-center-module housing mecha-
nism similar to the data-center-module housing mechanisms
storing the data-center modules. Furthermore, an actuator
may be configured to move robotic arm 502 to facilitate
mating with module relocation effector 110. The term
“actuator,” as used herein, generally refers to a mechanism
that controls other components and/or enables the compo-
nents to move.

[0042] FIG. 6 is a side view of robotic relocation apparatus
300 of FIG. 3. As illustrated in FIG. 6, a data-center-module
housing mechanism 602 may store data-center modules
210(1), 210(2), 210(3), and 210(4) in a plurality of slots. In
one embodiment, robotic arm 302 may be configured to
utilize module relocation effector 110 to remove data-center
module 210(2) from a slot in data-center-module housing
mechanism 602. For example, module relocation effector
110 may extend from rotatable unit 304 to remove data-
center module 210(2). Additionally or alternatively, robotic
arm 302 may be configured to utilize module relocation
effector 110 to install data-center module 210(2) to the slot
in data-center-module housing mechanism 602.

[0043] Inother embodiments, robotic relocation apparatus
300 may deploy multiple end effectors to remove and/or
install data-center module 210(2). For example, robotic arm
302 may rotate rotatable unit 304 to deploy end effector 306
to unscrew mounting screws in data-center module 210(2).
Robotic arm 302 may then rotate rotatable unit 304 to deploy
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module relocation effector 110 to pull data-center module
210(2) from the slot in data-center-module housing mecha-
nism 602.

[0044] FIG. 7 is a side view of robotic relocation apparatus
400 of FIG. 4. In this example, robotic arm 402 may be
configured to utilize module relocation effector 110 to install
and/or remove data-center module 210(2) stored in the slot
in data-center-module housing mechanism 602. Similar to
robotic relocation apparatus 300, robotic relocation appara-
tus 400 may deploy module relocation effector 110 and/or
multiple end effectors to relocate data-center module 210(2).
[0045] FIG. 8 is a perspective view of a gantry robot 804
and an actuator 802 that moves robotic arm 402 to relocate
data-center module 210. The term “gantry robot,” as used
herein, generally refers to a robotic framework that facili-
tates horizontal movement of components. In the example of
FIG. 8, gantry robot 804 may facilitate both a vertical
movement of actuator 802 and, via actuator 802, a horizontal
movement of robotic arm 402. In this example, actuator 802
may move robotic arm 402 to cause robotic arm 402 to
relocate data-center module 210 using robotic relocation
apparatus 400. In some examples, gantry robot 804 may
facilitate the setup of a new data center 800 by installing
data-center modules. Additionally or alternatively, gantry
robot 804 may perform maintenance functions in existing
data center 800, such as by relocating data-center modules.
[0046] Insomeembodiments, data center 800 may include
data-center-module housing mechanisms 602(1), 602(2),
and 602(3). In additional embodiments, data center 800 may
include one or more data-center modules, such as data-
center module 210, stored in data-center-module housing
mechanisms 602(1), 602(2), and 602(3). In these embodi-
ments, data-center-module housing mechanisms 602(1), 602
(2), and 602(3) may store the data-center modules in a
plurality of slots such that a face of each of data-center-
module housing mechanism exposes the data-center mod-
ules to robotic relocation apparatus 400. In the example of
FIG. 8, gantry robot 804 may parallel the faces of data-
center-module housing mechanisms 602(1), 602(2), and
602(3) to enable robotic relocation apparatus 400 to access
each data-center module.

[0047] Inthe above embodiments, robotic relocation appa-
ratus 400 may be coupled to gantry robot 804, which may be
configured to move data-center module 210 parallel to faces
of data-center-module housing mechanisms 602(1), 602(2),
and/or 602(3). Additionally or alternatively, robotic reloca-
tion apparatus 400 may be coupled to a mobile assembly that
facilitates moving gantry robot 804 from data-center-module
housing mechanisms 602(1), 602(2), and/or 602(3) to an
additional data-center-module housing mechanism. For
example, the mobile assembly may move gantry robot 804
on a track between rows of data-center-module housing
mechanisms. In other embodiments, the mobile assembly
may facilitate moving gantry robot 804 horizontally between
data-center-module housing mechanisms 602(1), 602(2),
and/or 602(3).

[0048] In some examples, robotic arm 402 may utilize
robotic relocation apparatus 400 to remove data-center mod-
ule 210 from a slot 806(1) in data-center-module housing
mechanism 602(1). Additionally or alternatively, robotic
arm 402 may utilize robotic relocation apparatus 400 to
install data-center module 210 to another slot in data-center-
module housing mechanism 602(1), such as by moving
vertically. In the example of FIG. 8, robotic relocation
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apparatus 400 may also install data-center module 210 to a
slot 806(2) in data-center-module housing mechanism 602
3.

[0049] In one embodiment, the data-center-module relo-
cation system described herein may further include one or
more additional robotic relocation apparatuses configured to
facilitate swapping data-center module 210 with an addi-
tional data-center module. In this embodiment, the addi-
tional robotic relocation apparatus may include an additional
robotic arm adapted to select an additional module reloca-
tion effector that may be dimensioned to hold the additional
data-center module concurrent with module relocation effec-
tor 110 holding data-center module 210. For example, a
separate gantry robot may concurrently operate with gantry
robot 804 of FIG. 8 to hold additional data-center modules.
In another example, gantry robot 804 may include one or
more additional robotic arms configured to hold and/or
relocate additional data-center modules. In this example,
each robotic arm may terminate with a different end effector
and/or multiple end effectors. Furthermore, robotic reloca-
tion apparatus 400 may hold multiple data-center modules
using multiple end effectors, such as holding data-center
module 210 using module relocation effector 110 and data-
center module 220 using module relocation effector 120.
[0050] FIG. 9 shows an example method for manufactur-
ing, assembling, using, adjusting, or otherwise configuring
or creating the systems and apparatuses presented herein.
The steps shown in FIG. 9 may be performed by any
individual and/or by any suitable type or form of manual
and/or automated apparatus. In particular, FIG. 9 illustrates
a flow diagram of an exemplary method 900 for assembling
a data-center-module relocation device.

[0051] As shown in FIG. 9, at step 910, a module reloca-
tion effector in a plurality of interchangeable end effectors
may be dimensioned to hold data-center modules. For
example, as illustrated in FIG. 2A, module relocation effec-
tor 110 may be dimensioned to hold data-center module 210.
In this example, module relocation effector 110 may be
dimensioned to hold data-center module 210 by customizing
module relocation effector 110 for a dimension of data-
center module 210 and/or a mounting mechanism of data-
center module 210. In other examples, module relocation
effector 110 may be dimensioned to hold data-center module
210 by customizing module relocation effector 110 for a
cable connection of data-center module 210 and/or an
attachment of data-center module 210. Furthermore, module
relocation effector 110 may hold data center module 210 by
securing module 210, by storing module 210, by removing
module 210, by installing module 210, etc.

[0052] At step 920, a distal end of a robotic arm may be
adapted to switch between the plurality of interchangeable
end effectors and select the module relocation effector as an
active end effector for the robotic arm. Furthermore, the
distal end of the robotic arm may be adapted by coupling a
selection module that receives information about a type of
the data-center module to the distal end of the robotic arm,
coupling a rotatable unit that rotates to select the module
relocation effector from the plurality of interchangeable end
effectors as the active end effector, and/or coupling a con-
nection that mates with the module relocation effector stored
in an effector holder to the distal end of the robotic arm. In
the example of FIG. 3, the distal end of robotic arm 302 may
be adapted to rotate rotatable unit 304 to select module
relocation effector 110 as the active end effector. In the
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example of FIG. 5B, the distal end of robotic arm 502 may
be adapted to mate with module relocation effector 110
stored in effector holder 504.

[0053] Atstep 930, an actuator may be configured to move
the robotic arm to cause the robotic arm to relocate, from one
location in a data center to another location in the data
center, a data-center module held by the module relocation
effector. For example, actuator 802 of FIG. 8 may be
configured to move robotic arm 402 to cause robotic arm
402 to relocate, from data-center-module housing mecha-
nism 602(1) to data-center-module housing mechanism 602
(3) in data center 800, data-center module 210 held by
module relocation effector 110. In some embodiments, such
as FIG. 5B, actuator 802 may also be configured to facilitate
mating robotic arm 502 with module relocation effector 110
stored in effector holder 504.

[0054] Insome examples, method 900 may further include
a step in which the robotic arm is configured to utilize the
module relocation effector to perform a removal of the
data-center module from the location and/or an installation
of the data-center module to the other location. As shown in
FIG. 8, robotic arm 402 is configured to utilize module
relocation effector 110, as part of robotic relocation appa-
ratus 400, to remove data-center module 210 from slot
806(1) and install data-center module 210 to slot 806(2).

[0055] As discussed throughout the instant disclosure, the
disclosed methods, systems, and apparatuses may provide
one or more advantages over traditional data centers. For
example, the data-center-module relocation devices
described herein may select different tools to remove and/or
install equipment modules of different sizes and/or configu-
rations from data center racks. As another example, by
rotating a selection of tools or picking a tool from a set of
tools, the systems described herein may provide automatic
on-the-fly switching of tools. Furthermore, the data-center-
module relocation devices described herein may be imple-
mented as part of a larger structure, such as a gantry robot,
that facilitates movement between locations in a data center.
Thus, the mechanisms described herein may enable auto-
mated management data centers, regardless of the types of
equipment in the data centers, while reducing costs of labor
and/or energy.

[0056] The process parameters and sequence of the steps
described and/or illustrated herein are given by way of
example only and can be varied as desired. For example,
while the steps illustrated and/or described herein may be
shown or discussed in a particular order, these steps do not
necessarily need to be performed in the order illustrated or
discussed. The various exemplary methods described and/or
illustrated herein may also omit one or more of the steps
described or illustrated herein or include additional steps in
addition to those disclosed.

[0057] The preceding description has been provided to
enable others skilled in the art to best utilize various aspects
of the exemplary embodiments disclosed herein. This exem-
plary description is not intended to be exhaustive or to be
limited to any precise form disclosed. Many modifications
and variations are possible without departing from the spirit
and scope of the instant disclosure. The embodiments dis-
closed herein should be considered in all respects illustrative
and not restrictive. Reference should be made to the
appended claims and their equivalents in determining the
scope of the instant disclosure.
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[0058] Unless otherwise noted, the terms “connected to”
and “coupled to” (and their derivatives), as used in the
specification and claims, are to be construed as permitting
both direct and indirect (i.e., via other elements or compo-
nents) connection. In addition, the terms “a” or “an,” as used
in the specification and claims, are to be construed as
meaning “at least one of.” Finally, for ease of use, the terms
“including” and “having” (and their derivatives), as used in
the specification and claims, are interchangeable with and
have the same meaning as the word “comprising.”

What is claimed is:

1. A data-center-component relocation device comprising:

a plurality of interchangeable end effectors comprising at
least one module relocation effector that is dimensioned
to hold and/or store data-center component;

a robotic arm comprising a distal end adapted to:
switch between the plurality of interchangeable end

effectors; and
select the module relocation effector as an active end
effector for the robotic arm; and

an actuator that moves the robotic arm to cause the robotic
arm to relocate, from one location in a data center to
another location in the data center, a data-center mod-
ule held by the module relocation effector.

2. The data-center-module relocation device of claim 1,
wherein the module relocation effector comprises at least
one of:

a module receptacle; or

a module mounting tool.

3. The data-center-module relocation device of claim 2,
wherein the module mounting tool:

is coupled to the module receptacle such that the module
mounting tool facilitates transfer of the data-center
module from the location in the data center to the
module receptacle;

is coupled to the module receptacle such that the module
mounting tool facilitates transfer of the data-center
module from the module receptacle to the other loca-
tion in the data center; and

is customized for at least one of:

a dimension of the data-center module;

a cable connection of the data-center module;

an attachment of the data-center module; or

a mounting mechanism of the data-center module.

4. The data-center-module relocation device of claim 1,
wherein the distal end of the robotic arm comprises at least
one of:

a selection module that receives information about a type

of the data-center module;

a rotatable unit that rotates to select the module relocation
effector from the plurality of interchangeable end effec-
tors as the active end effector; or

a connection that mates with the module relocation effec-
tor stored in an effector holder.

5. The data-center-module relocation device of claim 4,
wherein the rotatable unit selects the module relocation
effector as the active end effector for the robotic arm based
on the received information about the type of the data-center
module.

6. The data-center-module relocation device of claim 4,
wherein the actuator is configured to move the robotic arm
to facilitate mating with the module relocation effector
stored in the effector holder.

7. The data-center-module relocation device of claim 1,
wherein the robotic arm is configured to utilize the module
relocation effector to perform at least one of:

removing the data-center module from the location; or

installing the data-center module to the other location.
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8. A data-center-module relocation system comprising:

at least one data-center-module housing mechanism;

at least one data-center module stored in the data-center-
module housing mechanism; and

a robotic relocation apparatus comprising:

a plurality of interchangeable end effectors comprising
at least one module relocation effector that is dimen-
sioned to hold data-center modules;

a robotic arm comprising a distal end adapted to:
switch between the plurality of interchangeable end

effectors; and
select the module relocation effector as an active end
effector for the robotic arm; and

an actuator that moves the robotic arm to cause the
robotic arm to relocate the data-center module from
one location in a data center to another location in the
data center.

9. The data-center-module relocation system of claim 8,
wherein the data-center-module housing mechanism stores
the data-center modules in a plurality of slots such that a face
of the data-center-module housing mechanism exposes the
data-center module to the robotic relocation apparatus.

10. The data-center-module relocation system of claim 9,
wherein the robotic relocation apparatus is coupled to at
least one of:

a gantry robot that is configured to move the data-center
module parallel to the face of the data-center-module
housing mechanism; or

a mobile assembly that facilitates moving the gantry robot
from the data-center-module housing mechanism to an
additional data-center-module housing mechanism.

11. The data-center-module relocation system of claim 10,
wherein the robotic arm is configured to utilize the module
relocation effector to perform at least one of:

removing the data-center module from a slot in the
data-center-module housing mechanism;

installing the data-center module to another slot in the
data-center-module housing mechanism; or

installing the data-center module to the additional data-
center-module housing mechanism.

12. The data-center-module relocation system of claim 8,
wherein the plurality of interchangeable end effectors is
stored in at least one of:

a rotatable unit coupled to the distal end of the robotic

arm; or

an effector holder stored in a secondary data-center-
module housing mechanism.

13. The data-center-module relocation system of claim 8,
wherein the module relocation effector is customized for at
least one of:

a dimension of the data-center module;

a dimension of the data-center-module housing mecha-

nism; or

a mounting mechanism that secures the data-center mod-
ule to the data-center-module housing mechanism.

14. The data-center-module relocation system of claim 8,
further comprising at least one additional robotic relocation
apparatus configured to facilitate swapping the data-center
module with an additional data-center module.

15. The data-center-module relocation system of claim
14, wherein the additional robotic relocation apparatus com-
prises an additional robotic arm adapted to select an addi-
tional module relocation effector that is dimensioned to hold
the additional data-center module concurrent with the mod-
ule relocation effector holding the data-center module.
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16. A method comprising:
dimensioning at least one module relocation effector in a
plurality of interchangeable end effectors to hold data-
center modules;
adapting a distal end of a robotic arm to:
switch between the plurality of interchangeable end
effectors; and
select the module relocation effector as an active end
effector for the robotic arm; and
configuring an actuator to move the robotic arm to cause
the robotic arm to relocate, from one location in a data
center to another location in the data center, a data-
center module held by the module relocation effector.
17. The method of claim 16, wherein dimensioning the
module relocation effector to hold the data-center module
comprises customizing the module relocation effector for at
least one of:
a dimension of the data-center module;
a cable connection of the data-center module;
an attachment of the data-center module; or
a mounting mechanism of the data-center module.
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18. The method of claim 16, wherein adapting the distal
end of the robotic arm comprises at least one of:

coupling a selection module that receives information

about a type of the data-center module to the distal end
of the robotic arm;

coupling a rotatable unit that rotates to select the module

relocation effector from the plurality of interchangeable
end effectors as the active end effector; or

coupling a connection that mates with the module relo-

cation effector stored in an effector holder to the distal
end of the robotic arm.

19. The method of claim 18, wherein configuring the
actuator comprises facilitating mating the robotic arm with
the module relocation effector stored in the effector holder.

20. The method of claim 16, further comprising config-
uring the robotic arm to utilize the module relocation
effector to perform at least one of:

removing the data-center module from the location; or

installing the data-center module to the other location.

#* #* #* #* #*



